We describe a simple, rapid, and reproducible ion exchange mini-column chromatographic method for the quantitative measurement of biliary alkaline phosphatase in plasma. We have used this method to evaluate a cellulose acetate electrophoretic method, which was used to assess the value of measuring biliary alkaline phosphatase in 85 patients with breast cancer investigated for possible hepatic metastases. Biliary alkaline phosphatase activity was abnormal in 19 of 24 patients (79%) with liver metastases, but abnormalities were also found in 12 of 61 patients (20%) without hepatic metastases; in only 37% of patients with positive test results was this a consequence of liver metastases. For the identification of liver metastases, therefore, the method has useful sensitivity but limited specificity. Neither sensitivity nor specificity was significantly better than that of plasma y-glutamyltransferase activity, which was measured concomitantly.
The biliary isoenzyme of alkaline phosphatase (EC 1.1.1.3) is a high molecular mass fraction (greater than 2 MDa) derived from plasma membrane fragments of cells lining the biliary tract or from the aggregation in bile or plasma of liver alkaline phosphatase with lipid and protein.' 2 Biliary alkaline phosphatase is absent from plasma in healthy subjects and its measurement in plasma has been suggested as a sensitive test for cholestatic liver disease2 and for the detection of hepatic metastases.34 The method used most often is electrophoresis, usually on cellulose acetate membrane, followed by incubation with a chromogenic alkaline phosphatase substrate and densitometric scanning of the coloured product; biliary alkaline phosphatase is located in the a,-globulin position.5 This method has been criticised, however, for its imprecision,6 and its accuracy has hitherto been uncertain.
Ion exchange chromatography has been shown previously to separate biliary from other alkaline phosphatase isoenzymes. By modification of one of these techniques6 we have developed a mini-column chromatographic method for the separation and Accepted for publication 26 October 1983. quantification of biliary alkaline phosphatase which is suitable for use in the diagnostic laboratory. With this procedure we have evaluated the performance of a cellulose acetate electrophoretic method.? The latter was also used in a clinical study designed to assess the claim that biliary alkaline phosphatase is more sensitive than the plasma enzyme 'y-glutamyltransferase (EC 2.3.2.2.) again washed with two 6 ml additions of buffer A, which were allowed to drain to the resin surfaces. Plasma (200 ul) was loaded onto the column and allowed to soak into the resin; the displaced buffer was discarded. Buffer A (6 ml) was added to the top of the resin, and the eluate collected as a single 6 ml fraction (fraction I). Six millilitres of a second buffer of higher NaCl concentration (Tris 10 mmol/l; NaCl 300 mmoIl, pH 7 5 = buffer B) was then added and a second 6 ml eluate volume collected (fraction II). Alkaline phosphatase activity of both fractions was measured using a 1:10 sample to substrate volume ratio in place of the 1:100 used for total alkaline phosphatase measurement. Biliary alkaline phosphatase activity was calculated by dividing the activity of fraction II by the sum of the activities of fractions I and II and multiplying this quotient by the total alkaline phosphatase activity of the plasma sample. 
Results

DEVELOPMENT AND EVALUATION OF CHROMATOGRAPHIC METHOD
Elution profiles were studied by eluting 0-2 ml plasma samples with 10 separate 1 ml additions of buffer A, followed by 10 separate 1 ml additions of buffer B, the eluates being collected as 20 consecutive individual 1 ml fractions. Enzyme activity was present in fractions I to IV and fractions XI to XVI, but was absent from the other fractions (Fig. 1) .
The enzyme-containing eluates were pooled, concentrated (x 50) using a Minicon concentrator (Amicon Corporation, Lexington, Ma, USA), and electrophoresed on cellulose acetate. Fractions I and II from several plasma samples were similarly studied. Eluates 1 to 4 (Fig. 2) On the basis of these elution patterns trophoretic observations, for the final single 6 ml eluate was collected after el 6 ml buffer A, and a further single 6 ml eluate was collected after elution with 6 ml buffer B.
There 
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The within batch reproducibility was studied by repeated analysis of a single plasma sample on nine individual columns. A coefficient of variation of 6 4% was obtained at a mean biliary alkaline phosphatase activity of 63-1 U/l. The between batch reproducibility was determined by repeat analysis of 20 samples from five batches with biliary alkaline phosphatase activity ranging from 10 U/l to 209 U/I. A coefficient of variation of 10-4% was obtained.
EVALUATION OF ELECTROPHORETIC METHOD
The within batch reproducibility was assessed by electrophoresis of a single sample 16 times on two cellulose acetate membranes. A coefficient of variation of 3-2% was obtained at a mean biliary alkaline phosphatase activity of 167 U/i, representing 41% of total alkaline phosphatase. Between batch reproducibility (10 batches) on the same sample gave a coefficient of variation of 5 8%.
COMPARISON OF METHODS
There was a good correlation between the electrophoretic method (y) and the chromatographic method (x), with a correlation coefficient of 0-84 and a regression equation (by Deming's method) of y = 2'03x-12 76 (Fig. 3) . The values for biliary alkaline phosphatase activity obtained by the electrophoretic method were about twice those obtained by the ion exchange procedure.
In six samples biliary alkaline phosphatase activity could not be identified by electrophoresis but biliary alkaline phosphatase activity up to 34 U/l was measurable by the chromatographic method.
RESULTS OF CLINICAL STUDIES
Patients with carcinoma of the breast Eighty five patients were studied. Ten patients had hepatic metastases, in seven of whom biliary alkaline phosphatase was present and in nine of whom y-glutamyltransferase activity was increased. Fourteen patients developed hepatic metastases during the 18 month follow up. Seven of these had initially shown biliary alkaline phosphatase activity and four had increased y-glutamyltransferase activity.
The median time for the development of metastases (10 months) was independent of increased biliary alkaline phosphatase or y-glutamyltransferase activity at initial examination. Of the 24 patients with metastases at the start of the study or during follow up, 19 patients (79%) showed biliary alkaline phosphatase and 19 patients (79%) had raised y-glutamyltransferase activity at the time of diagnosis of metastases. In 61 patients there was no evidence of hepatic metastases initially or throughout the 18 month follow up. Of these patients 12 (20%) had detectable biliary alkaline phosphatase and 20 (33%) had increased y-glutamyltransferase activity. Possible causes for these false positive enzyme results included excessive alcohol consumption (two patients), gall stones (two patients), right heart failure secondary to chronic obstructive airways disDiagnostic value ofbiliary alkaline phosphatase and y-glutamyltransferase determination for the detection of hepatic metastases present at the tme ofinitial examination If patients with metastases present at initial examination are considered as disease positive (M+) and those who showed no metastases throughout follow up disease negative (M-), the diagnostic value of the enzyme procedures can be calculated (Table) .10
There was no significant difference between -y-glutamyltransferase and biliary alkaline phosphatase activities by X2 testing for any of the values shown.
Discussion
Our studies show that both the mini-column and electrophoretic procedures can be used to measure biliary alkaline phosphatase activity in plasma.
As shown by the examination of eluates, the mini-column ion exchange chromatographic method clearly separates the high molecular mass biliary from other alkaline phosphatase isoenzymes. The method is simple to perform and is reproducible, with a between batch coefficient of variation of about 10%. It is rapid (working time for analysis of batch of 20 samples is less than 2h) and is inexpensive (reagent cost for a batch of 20 samples is about £1-50).
The electrophoretic method is also rapid (working time for analysis of batch of eight samples is 45 min), and the reagent cost per batch of eight samples is about £ 1-50. Reproducibility is also satisfactory (between batch coefficient of variation about 6%). The electrophoretic method has the advantage that it permits the identification of altered activity of other alkaline phosphatase isoenzymes (for example, from bone) and avoids the possibility of false positives with the chromatographic method from the elution with biliary alkaline phosphatase of variant alkaline phosphatase isoenzymes,6 though these are rare.
Although the electrophoretic and chromatographic methods show excellent correlation, the electrophoretic method is twice as sensitive to biliary alkaline phosphatase. This must be a consequence of overestimation of biliary alkaline phosphatase activity by electrophoresis, since the chromatographic method yields about 82% recovery of total alkaline phosphatase and this recovery is independent of the percentage of the biliary fraction in the sample. It seems likely, as suggested by Crofton and Smith, 6 Biliary alkaline phosphatase was always shown chromatographically in samples showing biliary alkaline phosphatase by electrophoresis. This isoenzyme has never been detected by us by electrophoresis in sera of apparently healthy subjects. The detection limit for alkaline phosphatase by electrophoresis and visual inspection is 5 to 10 U/l. All patients with biliary alkaline phosphatase visible by electrophoresis showed activity for this isoenzyme by scanning and by column of greater than 15 U/l. Five of six samples with biliary alkaline phosphatase undetectable by electrophoresis yielded values by mini-column of less than 20 U/l, the higher figure presumably resulting from instrumental "noise" at the low enzyme activity values in the dilute column eluates. The reference limit for biliary alkaline phosphatase activity by the mini-column method may therefore be assumed to be about 20 U/l at 30°C, and values above this figure can be regarded as increased.
Using the electrophoretic method we investigated the reported claim that biliary alkaline phosphatase is a more sensitive indicator than y-glutamyltransferase for the detection of liver metastases. 8 Viot et a18 found that 97% of 75 patients with cancer with liver metastases had detectable biliary alkaline phosphatase but only 75% had a raised plasma y-glutamyltransferase activity. In our patients biliary alkaline phosphatase and y-glutamyltransferase had equal sensitivity and only 19/24 (79%) of patients with liver metastases at the start of the study or during follow up showed increased biliary alkaline phosphatase or y-glutamyltransferase activity at the time of diagnosis of metastases. Crofton et a14 also found equal sensitivity of biliary alkaline phosphatase and y-glutamyltransferase but found increased activity in all their 21 patients with liver metastases, whereas we report 21 % false negatives.
It might be anticipated that biliary alkaline phosphatase would be more specific than y-glutamyltransferase measurement because of lower sensitivity to alcohol and drug effects. Though a marginally superior specificity was found (80% compared with 67%), the difference was not significant. Six of the 12 patients who had no evidence of hepatic metastases but detectable biliary alkaline phosphatase activity in their plasma did Measurement of biliary alkaline phosphatase by mini-column chromatography and by electrophoresis 217 have a possible alternative explanation for the presence of biliary alkaline phosphatase. In the rest, it is possible that high molecular mass alkaline phosphatase of biliary type might have originated from membrane fragments of the primary tumour containing alkaline phosphatase or from non-hepatic metastatic deposits. Post-mortem examination of two of these patients who died during the study showed no evidence of liver metastases.
In conclusion, we have described a simple and rapid ion exchange chromatographic method for the quantitative measurement of biliary alkaline phosphatase activity and have used it to evaluate an electrophoretic method. We used the latter to assess the value of biliary alkaline phosphatase measurement in patients with cancer investigated for possible hepatic metastases. For the detection of liver metastases both biliary alkaline phosphatase and y-glutamyltransferase had similar sensitivity. Both were abnormal in about 80% of patients with liver metastases but abnormalities of biliary alkaline phosphatase were also found in 20% of patients without metastases, and 33% of such patients had raised y-glutamyltransferase activities. In less than half the patients with an abnormal value for either enzyme was this due to liver metastases. For the identification of liver metastases, therefore, the determinations have useful sensitivity but limited specificity.
